We present a detailed analysis of the beam energy dependence of the mechanisms for the generation of directed and elliptic flows in Au+Au collisions focusing on the role of hadronic rescattering and spectator shadowing within a microscopic transport model JAM with different equation of state. A systematic study of the beam energy dependence is performed for Au+Au collisions at √ sNN = 2.3 − 62.4 GeV. The transition of the dynamical origin of the directed flow is observed. We find that the initial Glauber type nucleon-nucleon collisions generate negative v1 for nucleons at midrapidity due to the presence of spectator matter, and this negative nucleon v1 is turned to be positive by the meson-baryon interactions at the beam energy region of √ sNN < 30 GeV. In contrast, above 30 GeV there is no spectator shadowing at midrapidity, and initial nucleon-nucleon collisions do not generate directed flow, but subsequent rescatterings among produced particles generate negative v1 for nucleons. It is demonstrated that negative pion-directed flows are mostly generated by the interaction with the spectator matter. It is also shown that the squeeze-out effect is largely suppressed in the case of softening, which leads to the enhancement of elliptic flow around √ sNN = 5 − 7 GeV. The elliptic flow at midrapidity above 10 GeV is not influenced by the squeezeout due to spectator matter, while its effect is seen at the forward rapidity range of y/yc.m. > 0.5, which decreases as beam energy increases.
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I. INTRODUCTION
A new form of strongly interacting dense QCD matter called Quark-Gluon plasma (QGP) is created in the experiments in high-energy heavy ion collisions at the Relativistic Heavy Ion Collider (RHIC) and Large hadron Collider (LHC) [1] [2] [3] . The lattice QCD calculations confirmed that at zero baryon density, the transition from hadronic matter to QGP is a crossover [4] . The next challenge is to explore the phase diagram of QCD matter extending to finite baryon density regions by creating compressed baryonic matter (CBM) [5] . At nonvanishing baryon densities, a first-order and/or secondorder QCD phase transition together with a critical end point have been speculated by many theoretical calculations [6] . A first-order phase transition implies the existence of a strong softest point in the equation of state (EoS) [7, 8] , and it is conjectured that this softening effects may be seen in observables. To find the evidence of a phase transition and the presence of a critical end point, various observables have been measured such as particle ratios, moments of the conserved charges, and collective flows [9] [10] [11] . New CBM experiments are planned such as Beam Energy Scan (BES II ) at RHIC [12] , Facility for Antiproton and Ion Research (FAIR) [13, 14] , Japan Proton Accelerator Research Complex for Heavy Ion (J-PARC-HI) [15] , SPS Heavy Ion and Neutrino Experiment (NA61-SHINE) at the Super-Proton Synchrotron (SPS) [16] , and Nuclotron-based Ion Collider fAciilty * xfluo@mail.ccnu.edu.cn (NICA) [17] to explore the phase diagram at high baryon density region.
In this paper, we focus on anisotropic collective flows. An analysis of the anisotropic collective flows [18, 19] in non-central nuclear collisions appears to be one of the most popular methods in studying the properties of the hot and dense matter since they are sensitive to the EoS in the early stages of nuclear collisions [20, 21] , and thus considered to be a good probe to explore the properties of the QCD matters. The anisotropic flows are defined by the Fourier coefficients of the expansion of the azimuthal distribution of particles measured with respect to the reaction plane, which is spanned by the vector of the impact parameter and the beam direction [22] [23] [24] :
p T dp T dy 1 + 2
where φ is the azimuthal angle, and Ψ RP is the reaction plane azimuthal angle. The flow coefficients v n = cos n[(φ−Ψ RP )] characterize the event anisotropy. The directed flow parameter is defined as the first Fourier coefficient v 1 of the particle momentum distribution, and the second coefficient v 2 is referred to as elliptic flow. Directed flow is very sensitive to the early dynamics of the heavy ion collisions [24] . The excitation function of the nucleon directed flow at midrapidity is predicted to have a minimum at a certain collision energy in the hydrodynamical calculations with a first-order phase transition (1OPT) [8, 25, 26] . Furthermore, when the system passes through the softest point of the EoS, the slope of the directed flow for nucleons turns to be negative [25, 27, 28] , which is called the third flow [28, 29] or the anti-flow of nucleon [25, 27] . This does not happen for the crossover transition [30] . Hence, it is predicted that the collapse of the directed flow is a signature of a QCD first-order phase transition. The negative slope of protons in a first-order phase transition has been also confirmed within a microscopic transport model JAM, in which the effects of EoS is incorporated by changing a scattering style in the two-body collisions [31, 32] . Recent measurements by the STAR Collaboration [33, 34] show negative proton v 1 at above √ s N N ≈ 10 GeV in the energy range of RHIC-BES program. We note that in the microscopic transport models RQMD [35] , UrQMD [36] , and PHSD/HSD [37] , the negative slope of proton v 1 at midrapidity is found at high bombarding energies √ s N N ≥ 27 GeV, which is caused by the certain amount of degree of rapidity loss of incoming nucleons and positive space momentum correlation [35] . At the bombarding energies of √ s N N ≤ 20 GeV [37, 38] , such microscopic transport models do not show a negative slope for nucleons. Therefore, the negative proton v 1 slope at midrapidity at √ s N N ≤ 20 GeV can be only produced by theoretical models which incorporate the effect of a first-order phase transition. The elliptic flow also provides information about the early stages of the collision [39] [40] [41] [42] , and it is one of the most extensively studied observables in relativistic nucleus-nucleus collisions. At lower beam energies of E lab ≤ 5 AGeV, shadowing effects by the spectator matter have been known to play a essential role for directed and elliptic flows. It is known that reflection of pion by the nucleon is the dominant origin of the negative directed flow for pions [43] at E lab ≈ 1 − 2 AGeV. The presence of spectator matter is the origin of the squeezeout (out-of-plane emission) [44, 45] , and elliptic flow can be even negative at lower energies. In the high baryon density region, such as Alternating Gradient Synchrotron (AGS) energies, the final strength of the elliptic flow is determined by the interplay between squeeze-out effect and in-plane emission [39] . Enhancement of elliptic flow due to the softening of EoS is predicted [46, 47] , because softening of EoS suppresses the squeeze-out effect.
So far a systematic study of the role of spectator matter for a wide range of beam energies has not been performed. In this paper, we shall study in detail the role of spectator shadowing on both the directed and elliptic flows, together with its EoS dependence. For this purpose, we utilize a microscopic transport model JAM to systematically study the collision dynamics emphasis on the effects of EoS, hadron rescattering, hadronic mean-field, and interaction with spectator to the anisotropic collective flows in Au+Au collision at √ s N N = 2.3 − 62.4 GeV. We shall show that the shadowing effect by the spectator still plays an important role for the generation of anisotropic flows at RHIC-BES energies of √ s N N < 30 GeV. We investigate such effects by disabling meson-baryon (M B), and meson-meson (M M ) collisions, as well as the interactions between participants and spectator matter.
The paper is organized as follow, after the brief description of the JAM model in section II, we compute the rapidity and transverse momentum distributions of identified particles with different EoS in sec. III. In Sec. IV, hadronic rescattering and spectator effects together with EoS dependence are discussed for Au+Au collisions at √ s N N = 5 GeV. Then we investigate the beam dependence of the spectator shadowing on the directed and elliptic flows in Sec. V. Finally, a summary will be given in section VI.
II. JAM MODEL
We employ a hadronic transport model JAM [48] that is developed to simulate relativistic nuclear collisions from initial stage to final state interaction in hadronic gas stage. Similar to other transport models [49] [50] [51] [52] [53] , the particle production in JAM is modeled by resonance and string production and their decay, and the particles including produced ones can interact with each other by the two-body collisions [54] .
The effects of the equation of state have been implemented by two different approaches: the nuclear meanfield and modified two-body scatterings. The nuclear mean-field potential is implemented along the lines of the simplified version [55, 56] of the relativistic quantum molecular dynamics approach [57] . In this approach, our Hamiltonian is given by the sum of single-particle energy:
and the following equations of motion
are numerically solved. The relative distances in the twobody center-of-mass frame are used in the argument of the potentials V i :
where q i and p i are the four-vectors for the coordinate and momentum of the i-particle, respectively. For the potential V i , the Skyrme-type density dependent and Lorentzian-type momentum-dependent mean-field potential [58] are implemented in the model [59, 60] . In this work, we use the parameter set used in Ref. [60] , which yields the nuclear incompressibility of K = 272 MeV.
As a second approach, we control the pressure of the system by changing the scattering style in the two-body collisions [42] . The pressure of the system with volume V in which only two-body scatterings happen can be estimated by the Virial theorem [61] 
during the time interval T , where (p i − p i ) is a momentum transfer, and (r i − r j ) is a relative coordinate between two colliding particles i and j in the center-of-mass frame. P f is the pressure from the free streaming contribution. Thus the repulsive orbit (p i − p i ) · (r i − r j ) > 0 enhances the pressure, while the attractive orbit (p i − p i ) · (r i − r j ) < 0 reduces the pressure. In the standard transport approach, the azimuthal angle of the two-body scattering is randomly chosen. Consequently,the pressure generated by this scattering is zero in average which leads to the free hadron gas EoS. This immediately implies that one can control the pressure by appropriately choosing the scattering style. The selection of the repulsive orbit in the two-body collision [62] [63] [64] can simulate the effect of repulsive potentials. While it is shown that selecting attractive orbit for all two-body scattering yields the compatible amount of softening of a EoS with a first-order phase transition, thus it mimics the effects of a first-order phase transition [31] . In this work, the "attractive orbit" mode in JAM refers to the simulation in which attractive orbits are selected for all two-body scatterings without imposing any conditions. The EoS of the system can be controlled by the formula in Ref. [42] by the following constraints in the two-body scattering
where ∆P is the pressure difference from the free streaming pressure, ρ is the local particle density and δτ i is the proper time interval of the i-particle between successive collisions. We show that a given EoS can be simulated by choosing azimuthal angle according to the constraint in Eq. (7) in the two-body scattering process [32] . The main advantage of this approach is to be able to simulate any given EoS with a numerically efficient way as far as there are many two-body collisions, which happens in heavyion collision such as Au+Au collisions. We use the same EoS used in Ref. [32] to simulate 1OPT (JAM/1OPT) based on Eq. (7) in this paper.
III. EFFECTS OF HADRONIC MEAN FIELDS AND SOFTENING
In this section, we investigate the effects of EoS on the spectra of identified particles by utilizing the mean-field simulation and modified scattering style approach. 
A. EoS dependence
We first compare the transverse mass spectrum and the rapidity distribution of identified particles including protons, pions, and kaons to see the effects of EoS on the gross dynamics of the collision. Figure 1 (a) shows the transverse mass distribution at mid-rapidity |y| < 0.12 for p +p, π
cascade, mean-field potential, and attractive orbit simulations. The softening effect predicts the enhancement of collective transverse flow for all particles. This is understood by the longer interaction time due to the slow compression and expansion of the system [47] by the softening. Radial flow is generated from early to later stages of the collisions, unlike anisotropic flows which are sensitive to the early pressure. In addition, it is also proportional to the pdV work, thus the radial flow get larger as the system volume becomes larger. The enhancement of the transverse flow is also reported within hydrodyanmical approaches with a first-order phase transition [65] [66] [67] . JAM with hadronic mean field mode also predicts the harder slope of protons, which is due to the repulsive potential. Rapidity distributions of identified particles are displayed in Figure 1 (b). Softening effect is also seen in the rapidity distributions for all particles: protons, pions, and kaons yield are enhanced at mid-rapidity, while it is reduced at forward rapidity region making total particle yields the same. The effect of hadronic mean-field is opposite: it reduces the particle yield at mid-rapidity, while it enhances the yield at forward region.
We see some effects of EoS on the transverse momentum and rapidity distributions, but it is not a sizable effect. However, the EoS effect is dramatic for the collective flows. Sensitivities of the EoS on the elliptic flows of identified particles are studied in Ref. [46] .
In Fig. 2 , rapidity dependence of the directed flows for identified particles (p, π + , K + ) and corresponding
GeV are compared with different JAM modes: cascade, mean-field potential, and cascade with attractive orbit. It is seen that the attractive orbit simulation predicts a negative slope of protons that is consistent with the results from a first-order phase transition in Ref. [47] . However, the mean-field potential enhances the positive v 1 slope for protons due to the repulsive potential, whereas, it reduces the slope for pions and kaons. There is a weak EoS dependence on the kaons and pions v 1 that is always negative slope. The difference between the kaon and antikaon v 1 is due to the difference of the cross section: the antikaon can form resonances with nucleons similarly to pion-nucleon scatterings, thus it has larger cross sections than kaon-nucleon collisions. This also explains the similarity of the antikaon v 1 to the pion v 1 . We note that the small kaon-nucleon cross section produces smaller v 1 for positive kaons compared to protons and pions. 
B. Comparison to the data
In this section, we compare our results on the flows from different modes with experimental data.
In Fig. 3 , rapidity dependence of the proton directed flows from different modes of the model are compared with the data [68] at AGS energies. The cascade mode always underestimates the slope of directed flow, which indicates a lack of pressure generated by the cascade mode. Inclusion of hadronic mean field generates more pressure and improves the description of the data. JAM/1OPT simulation predicts larger v 1 at √ s N N = 2.7 GeV than in the cascade mode, which is because 1OPT EoS implemented in JAM has a repulsive mean field in the hadronic phase. While, as beam energy increases, the system hits the softest point and the slope of protondirected flow becomes negative as originally predicted by hydrodynamical approach [8] . However, experimental data show positive slope of protons, and do not support a first-order phase transition at AGS energies. As we will show in Fig. 16 elliptic flows at AGS energies support the hadronic mean-field approach as well, which predicts the suppressed elliptic flow. However, as seen in Fig. 4 , STAR data from RHIC-BES experiments at √ s N N = 7.7 GeV seems to be consistent with a 1OPT scenario in JAM rather than the result from JAM mean-field simulations: A first-order phase transi- tion enhances the elliptic flow, while hadronic mean field suppresses the elliptic flow. At higher beam energies, all JAM simulations predict the same amount of elliptic flows which is below the data. This may be due to the lack of a partonic degree of freedom in the model. It is reported that the experimentally observed increase of the elliptic flow with beam energy is reproduced by the inclusion of partonic interactions into microscopic transport model PHSD [71, 72] . Recently, STAR measured directed flows of identified particles including Λs and kaons [70] show that Λ directed flow exhibits the same behaviour as protons, which cannot be accounted for within our model as seen in Fig. 5 . JAM predicts positive slope for protons, and negative slope for Λ below √ s N N ≤ 19.6
GeV. As we will investigate in detail a generation mechanism of directed flow within our model, positive slope of proton-directed flow is generated by meson-baryon scatterings: initial nucleon-nucleon scatterings generate negative baryon directed flow. Initially generated negative proton flow changes its direction to the positive side by nucleon-pion scattering. However, as the Λ-meson scattering rate is very small, Λ directed flow remains negative. Thus, dynamical models based on baryon and meson degrees of freedom hardly describe the similarly of the directed flow between protons and Λs. We may need a model that incorporate the effects of partonic interactions. One expect to get the similar directed flow of protons and Λs, if their are mainly generated in the partonic phase. Measurements of other baryons such as Ξ and Ω baryons may help to confirm the importance of deconfined phase in the early stages of the reaction, if they also show similar behavior as protons in directed flows.
The directed flows of pions and kaons exhibits negative slopes for all beam energies, which is consistent with our model results. As we will study in detail the generation mechanisms of flows, the main source of the negative slopes of meson flows are interaction with spectator nucleons.
IV. HADRONIC RE-SCATTERING AND SPECTATOR EFFECTS
Next we would like to investigate in detail the role of spectator interactions on the flows. As demonstrated in Ref. [47] , the interplay between in-and out-of-plane flow plays an essential role to determine the final strength of the elliptic flow. To perform a detailed analysis of the effects of hadronic rescattering and spectator matter on anisotropic flows, we compute anisotropic flows by disabling meson-baryon (M B) and meson-meson (M M ) scatterings; a simulation in which the cross sections of M B and M M scatterings are set to be zero. The effect of spectator shadowing is studied by disabling the interaction between spectator nucleons and participants, where spectator nucleons are defined in our approach as the nucleons that are not in the collision list of the initial state nucleon-nucleon collisions. More specifically, we first compute possible nucleon-nucleon collisions after sampling nucleons inside two nuclei and boost them, which corresponds to the initial Glauber-type nucleonnucleon collisions. If nucleons in the projectile nucleus are considered not to collide with any other nucleons in the target nucleus, these nucleons are regarded as spectator nucleons, which are initially located outside a reaction zone of two nuclei. We assume that collision can happen when the impact parameter of the two incoming particles b are inside the interaction distance specified by the geometrical interpolation of the cross section σ, i.e., b ≤ σ/π. Of course, if beam energy is not very high, "spectator nucleons" can interact with nucleons in participant zone. In our simulations, we update collision list after every two-body collision, thus initially predicted nucleon-nucleon collision can be modified according to the dynamics of the collision of two nuclei.
A. Directed flow the BB scattering only simulation is due to the shadowing effect by the spectator matter, whereas meson-baryon collisions reflect nucleons to the positive v 1 and pions to the negative side. It is also demonstrated that all of the negative v 1 for pions are generated by the interaction between spectator nucleons and pions. We have also studied the effects of weak decays since some nucleons and pions are produced from the weak decay such as Λ 0 , and Σ − , and this may affect the distribution of flows. We observe that directed flow is not sensitive to the weak decay effects at 5 GeV.
B. Elliptic flow
We do the same excises for elliptic flow. In Fig. 7 , the rapidity dependence of v 2 for identified particles (p, π + , K + ) and corresponding antiparticles (π 
C. squeeze-out and softening
In this section, we discuss the squeeze-out effect on the elliptic flow when a softening of EoS happens. In Refs. [46, 47] , it was found that softening of EoS leads to an enhancement of elliptic flow, which is considered to be caused by the suppression of squeeze-out at high baryon density region, and proposed as a possible signature of a first-order phase transition. Attractive orbit simulation shows the enhancement of v 2 for pions [46] , whereas a simulation with a first-order phase transition predicts enhancement of v 2 for both protons and pions [47] . Here we shall see explicitly that the softening indeed suppresses the squeeze-out.
To understand the role of squeeze-out in the case of softening more qualitatively, the elliptic flow from attractive orbit simulation is compared with the standard JAM cascade simulation with and without spectator in Fig. 10 . Without spectator interaction, attractive orbit simulation yields less nucleon v 2 than from standard cascade simulation. This is because attractive orbit simulation leads to very small pressure for all space-time regions of the reaction. However, situation changes in the case of the presence of a spectator. It blocks the in-plane expansion at early times and suppress v 2 . The degree of suppression is weaker in the case of softening. We observe that the effect of squeeze-out becomes less in the case of softening: a reduction of nucleon v 2 in the cascade mode is about 30%, while there is almost no reduction in the attractive orbit mode. In the case of pions, in the attractive orbit simulation is almost the same as that of cascade simulation without interaction with the spectator matter. It is seen that pion v 2 are suppressed more by the spectator for the cascade simulation. The net effect is a larger v 2 in the attractive mode compared to the cascade mode.
Attractive orbit simulation strongly suppresses the pressure of the system for whole reaction time and all spatial region of the system regardless of its energy density since we force the attractive orbit for all two-body scatterings without any restrictions, which is considered to be a maximum effect of softening within our approach. To take into account the softening effect only if the system enters the softening point, we perform a simulation with a 1OPT [32] , and the results are shown in Fig. 11 . The elliptic flow in the 1OPT simulation without spectator becomes larger than the cascade results. This may be because that the system is compressed more in the 1OPT simulation, and as shown in Ref. [47] , initial eccentricity becomes larger, but during the expansion, the system eventually goes out from the soft region, and generates stronger in-plane flow. We also note that nucleon elliptic flow is not suppressed by the spectator shadowing at midrapidity in the case of 1OPT as well, while pion elliptic flow is suppressed by the spectator even in the 1OPT for pions, although the degree of suppression is less.
These at high baryon density region is determined by the interplay between in-plane and out-of-plane emission, and it is very sensitive to the pressure of the system.
V. BEAM ENERGY DEPENDENCE
The beam energy dependence of the spectator effects will be investigated in this section. At sufficiently high energies such as at top RHIC and LHC energies, hybridization of reaction dynamics is successful in describing the collision of high energy heavy-ion collisions. One of them is the "factorization" of reaction time in which heavy-ion collision can be separated by the initial Glauber type nucleon-nucleon collisions that provides the initial conditions for the subsequent space-time evolution of the system by, e.g. hydrodynamics or transport theories. One may estimate the minimum beam energy at which this factorization of reaction time becomes applicable by considering a passing time of two nuclei.
The passing time of two nuclei t pass can be estimated by using the radius R, velocity v of the nucleus, and γ factor as t pass = 2R/γ/v ≈ 0.9 fm/c at 27 GeV. Thus we expect that collision dynamics changes around this beam energy, assuming that typical formation time of produced particle is about 1 fm/c. Above this energy, the initial condition for a subsequent evolution of the system can be obtained by the initial particle production just after the collision of two nuclei, which may be computed by Glauber model or theories based on the color glass condensate (CGC) [2, [73] [74] [75] . On the other hand, below this beam energies, this factorization breaks down and we need to take into account the rescatterings of particles during the passage of two nuclei. A new dynamical initialization is proposed in the hydrodynamical approach to simulate lower beam energies in Ref [76] talking into account such effects. If rescatterings among produced particles happen during the passage of two nuclei, interactions with the spectator nucleons become also important in the early stages of heavy-ion collision, and it has a significant impact on the anisotropic flows.
When we go down to even lower beam energies such as √ s N N < ∼ 5 GeV, nuclear mean-field effects become important, and microscopic transport approaches based on the Boltzmann-Uehling-Uhlenbeack (BUU) equation [77] or the quantum molecular dynamics (QMD) N -body phase-space dynamics [78] have been successful in describing collision dynamics. We shall study the transition of generation mechanisms of anisotropic flows within a microscopic transport approach below. We first investigate beam energy dependence at AGS energies where nuclear mean-field effects play important role. In Fig. 12 ,the beam energy dependence of the slopes of directed flow dv 1 /dy at midrapidity are shown for protons and positive pions from JAM with the mean-field simulations. The v 1 slope at midrapidity without spectator interaction is larger compared to the full calculations. Thus, it demonstrates that directed flow at midrapidity is significantly influenced by the shadowing effect by the spectator even at midrapidity. At higher beam energies, as we shall investigate in the next section, the shadowing effect by the spectator is not seen for the nucleon v 1 slope because of increasing number of scatterings between pions and nucleons. The v 1 slopes for pions are negative in the full simulations, while they are positive without spectator interactions. Thus, negative-directed flow for pions is generated solely by the interaction with the spectator in this beam energy range. 
B. RHIC-BES energies
We now study the beam energy dependence of the effects of rescattering and spectator shadowing for directed and elliptic flows at RHIC-BES energy region. [31, 60] for the comparison with the STAR data at midrapidity with different EoS. Here we focus on the rapidity dependence on the flows up to the beam rapidity region.
Let us first compare the simulation without rescattering; i.e., simulations which include only BB collisions. The shadowing effect by the spectator can be seen in the BB only simulations up to 19.6 GeV. Namely, the slope of nucleon-directed flow is negative when M B and M M scatterings are disabled (dotted-dashed lines), while it is almost zero if there are only BB scatterings and there is no spectator (dotted lines). This implies that nucleondirected flow is negative due to the shadowing effect by the spectator when only BB collisions are included. Once M B and M M scatterings are turned on, slope becomes positive, and the shadowing effect is washed out: the directed flow of nucleon v 1 at y/y c.m. < 0.75 in the full cascade simulation with spectator (solid lines) is almost identical to the results of the simulations without spectator interaction (dashed lines). Thus the shadowing effect on the directed flow of nucleons is not seen in the final strength of the directed flow at the rapidity region of y/y c.m. < 0.75. In contrast, most of the pion-directed flow is generated by the interaction with the spectator matter.
When beam energy becomes higher than 20 GeV,the collision dynamics changes dramatically, as expected from the passing time argument. The slope of the nucleon-directed flow at midrapidity becomes negative from 27 GeV in the full cascade simulations, as predicted by Ref. [35] called wiggle shape. It is explained [35] by the space-momentum correlation and the degree of baryon stopping, which is not a shadowing effect by the spectator matter. This is confirmed by the results that BB only simulation yields the same results when interaction with the spectator matter is turned off: the nucleon-directed flow is almost zero for both BB only simulation and BB only without spectator simulation at high energies. In our hadronic transport approach,the space-momentum correlation is generated by rescattering among particles after two nuclei pass through each other at high energies above 30 GeV, thus M B scattering generate a negative nucleon-directed flow at high energies. It is shown that tilted initial condition yields the negative v 1 slope in hydrodynamics at RHIC [79] . We note that CGC also predicts tilted initial conditions [80] .
It is interesting to observe that at forward rapidity region y/y c.m. > 0.75, the directed flow of nucleon looks identical for all beam energies suggesting the universal mechanism to generate directed flow at forward rapidity regions. At high energies,the pion-directed flow at forward rapidity region is also generated by the spectator shadowing. To see more clearly the different mechanisms for the origin of directed flow of nucleons at midrapidity, slopes of nucleon v 1 is depicted in Fig. 15 as a function of beam energy, where the slope is obtained by the linear fit at |y| < 0.5. If both spectator interaction and M B and M M scatterings are disabled, the directed flow is not generated (crosses). Once interaction with the spectator is included, BB collisions generate the negative-directed flow as a result of the shadowing up to the beam energy of around 30 GeV, while above 30 GeV, the BB collision does not generate directed flow even with spectator. Thus there is no effect of spectator shadowing on the directed flow of nucleon at midrapidity above 30 GeV. The role of final state interactions (mostly M B and M M scattering in our case) to the slope of nucleon-directed flow is opposite at low and high energies. Namely, the effect of M B and M M collisions is to generate positive nucleon directed flow below 30 GeV, while they generate negativedirected flow above 30 GeV. Thus the dynamical origin of directed flow changes at 30 GeV.
Elliptic flow
In Fig. 16, rapidity GeV,the suppression of elliptic flow by the spectator matter is large for all rapidity region for both nucleons and pions. The contribution of M B and M M scatterings to the elliptic flow is increasingly significant as the beam energy increases. The spectator effect on the elliptic flow at midrapidity disappears at above 11.5 GeV, but the suppression of elliptic flow is still seen at y/y c.m. > 0.5, which becomes smaller as beam energy increases. At higher beam energies,the elliptic flow for both nucleons and pions becomes flat in hadronic cascade simulation. It was reported that at forward rapidity region, the elliptic flow from hadronic transport models is consistent with the RHIC data [81] . However, three-dimensionalhydrodynamics supplemented by a hadron transport after burner also predicts a compatible amount of elliptic flow at forward rapidities [82, 83] . Our results demonstrate that the interaction with spectator plays a minor role for the generation of elliptic flow for a wide range of rapidity region at sufficiently higher energies. Fig . 17 summarizes the effect of spectator shadowing on the elliptic flow of nucleons at midrapidity as a function of beam energy for mean-field simulation as well as simulations with a first-order phase transition. The repulsive potential generates more pressures, as a result there is a spectator shadowing up to the beam energy of 10 GeV. On the other hand, the spectator shadowing disappears due to the strong softening effect in a first-order phase transition around 5 GeV, and calculations with and without spectator interaction show almost identical results at √ s N N > 5 GeV. Measurements of the elliptic flow at the beam energy range of 5 < √ s N N < 10 GeV, which is being planed at FAIR, NICA, and J-PARC-HI, help to extract an important information on the pressure of the dense baryonic system created in heavy ion collisions.
VI. SUMMARY
We study the role of meson-baryon and meson-meson rescattering as well as the interaction with spectator matter on the generation of directed and elliptic flows including EoS dependence in Au + Au collisions at 2.3 ≤ √ s N N ≤ 62.4 GeV. It is found that initial nucleon-nucleon collisions during the passage of two-nuclei (Glauber-type scattering) generate negative nucleon-directed flow at the beam energy up to 27 GeV due to the spectator shadowing, but above 27 GeV its effect becomes negligible at midrapidity. BM and M M scatterings generate positive nucleon-directed flow below 27 GeV, while they generate negative nucleon flow above 27 GeV. The main difference in the collision dynamics below and above 27 GeV is that rescattering happens during the passage of two nuclei below 27 GeV, while rescatterings start after passage of two nuclei above 27 GeV (after making tilted initial condition). Universal behavior of the nucleon directed flow at the forward rapidity region y > 0.75y c.m. is observed. Pion-directed flow is the result of the interaction between pion and spectator nucleons, which generate negative-directed flow for all beam energies investigated in this work.
Our study demonstrates the importance of spectator interaction on directed and elliptic flows in Au+Au collisions at high baryon density region √ s N N < 10 GeV for all rapidity range. The squeeze-out effect by the spectator to the elliptic flow becomes negligible at midrapidity at above 10 GeV. The degree of shadowing by the spectator matter decreases as the beam energy increases at the forward rapidity region, and its effect becomes very small at 62.4 GeV, thus it supports some hydrodynamical approaches that do not include spectators in the calculations. Finally, we show that the enhancement of the elliptic flow by the softening of EoS is largely due to the absence of squeeze-out effect at 5 < √ s N N < 10 GeV.
As a future study, systematic investigation of collision system dependence is planned.
